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Hardware - HV Crate
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Hardware - HV Module

Replaceable
Generator Pod
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Hardware - HV Channel

Voltage
Test Point
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Hardware

e VME crate

0 6U size
o Custom backplane

o Additional voltage supplies

= +5V Digital, +- 12V Analog, +-12V
Bulk(Unfiltered)

e Fermilab/BiRa 4877 module

n Cockroft-Walton generator

o Six modules per VME crate

o 8 channels per module

0 10 voltage generator pod types
o Backplane trip links

o Backplane module address
encoding (geographical)
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Hardware

e B |
e Reference

o Bi Ra - “Model VME 4877PS
High Voltage Power Supply
System Manual”
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EPICS High Voltage
Support
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HV Record

e HV Record - hv

0 High-level device interface

0 Sequential state machine
model (limited implementation
of Harel state diagram)

o Ramp algorithm
s Parabolic end sections
= Linear center section

n Convergence algorithm

= Repeat ramp until within
tolerance limit

= Enter PAUSE state if repeat limit
exceeded
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HV Record

I 00 B
e Purpose

0 Control and monitor an
individual HV channel

o Add high-level operations to a
basic voltage generator
e Implemented as a sequential
state machine with states,
transitions, actions, and
events

e Ramping to a target voltage
is a software function
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Pod Name |Max Voltage[Max Current
PS5.5KV1 +5.5kV 2.3 mA
M5.5KV1 -5.9 kV 2.3 mA
PS5.5KV2 +3.5 kV 1.0 mA
MS5.5KV2 -5.5 kV 1.0 mA
PS5.5KV3 +3.5 kV 0.1 MA
M5.5KV3 -5.5 kV 0.1 mA

P3.5KV +3.5 kV 3.5 mA
M3.5KV -3.9kV 3.5 mA
P2.0KV +2.0 kV 3.2 mA
M10V1 -10V 0.2 mA

DS
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HV Record

- State
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HV Record - Ramp
Algorithm

NI
e Compute average voltage

e Compute voltage step size
and number of steps to reach
target voltage

o Execute ramp steps
e Compute average voltage

® Com pare abS(Vaverage - Vtarget)
With Vtolerance

0 less or equal - Enter HOLDING
state

0 greater - Repeat ramp
sequence
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HV Record - Ramp
Algorithm

NI
e If the number of ramp cycles

exceeds the limit, enter the

PAUSE state and set an
alarm condition
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HV Record — Time Plots

L | T
e Decay profile

o Capacitive load
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HV Record — Time Plots

. B
e Ramp regions
0 Parabolic ends
0 Linear center
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HV Record - Trips

I I
e Channel

n Overvoltage

= Trimpot setting
n Overcurrent

= Register setting

o External
= Backplane connection

e Module
o Watchdog

= Access timeout (unused)

o Interlock
= Front panel connector (unused)

o External
= Backplane connection
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HV Record - Parameters

T B
e ACCL
10 Parabolic acceleration rate
(Volts/Sec**2)

= RATE/ACCL = Duration of
parabolic region (Sec)

o CSCAL

n Ramping current scaling factor

e MAXC
n Current trip level (UAmMps)

e RATE
n Ramp rate (Volts/Sec)

e VTOL
0 Voltage setting tolerance
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HV Alarms

B |
e Invalid Alarm

o Hardware access error
1 OFFLINE or INVALID state

e Minor Alarm
n OFF or PAUSED states
n Current warning limit exceeded
o Voltage warning limit exceeded

e Major Alarm
o TRIPPED state
o Current fatal limit exceeded
0 Voltage fatal limit exceeded

o A tripped channel will pause
the run
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HV Alarms — SES
Display

Voltage State and
Limit Current Limit

[# Alarm Display 0] =|
File VYiew Settings Help |
Group Mame \ MAJOR || MINOR | /fﬂzmun || DISABLED || GoOD |
Run Pause | o | 562 0 | 0 | 0 |
Hy 562 | 1686 | 0 | 0 | 0 |
MDT 0 | 0 | 1 | 0 | 0 |
POT 0 | 1 | 0 | 0 | 2 |
SCINT 4 | 0 | 0 | 0 | 1 |
L1 0 | 0 | 0 | 0 | 0 |
PROC 0 | 4 | 0 | 0 | 0 |
All Muon 566 | 1691 | 1 | 1 | 3 |
Status: |Connecti0n to server started
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Operator GUI Programs

N -
o HV Utility display

o Monitor crate parameters
(backplane voltages and
temperature)

e Global HV display

0 Monitor channel state for
multiple crates

o Control state change for
multiple crates

e HV Channel display

o Monitor channel parameters
for a single crate

o Control state change for single
channel or all channels in a
crate
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HV Utility Display

Paging
¥ High Yoltage Utility Display - Tabs _ O[]
File Help

CAL | FPD | LUM l MUOD SMT

Crate +E Digital +12 Analog -12 Analog  +12 Eulk —12 Bulk Temp DegC
Fixel

MZ217C .04 12.31 1222 12.44 -12.66 19,32
MZ217D0 510 1223 -12.48 12.26 -12.45 2022
MZ17E =09 12.21 -12.36 1223 -12.10 2133
M218C 28 1214 -12.29 12,40 -12.34 2280
MZ21&D 517 1217 -12.26 12.42 -12.29 2560
MZ18E =10 12.28 -12.47 1243 —-12.26 21.39
| Central |
MZT15E S04 12.26 -12.44 12.25 -12.56 2167
MZ215C =01 12.36 1222 1218 =-12.27 2061
M215D S04 12.30 -12.26 12.43 -12.61 19.65
MZT15E =09 1222 -12.20 1225 -12.33 21.73
M217E 502 12.28 -12.15 12,35 -12.30 21.93
MZ1EE
Status:

Reconnect |
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HV Utility Display
e Purpose -

o Monitor HV crate parameters
= Backplane voltages
= Temperature

e Properties
n Organized by detector page

o Read-only access

o Background color indicates
alarm state

e Implementation
o Python script
o Program name - HvuGui.py
n Configuration scripts - xxx.hvu
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Global HV Display

I 0 - NI
e Purpose

1 Monitor state of channels in
multiple crates

o Execute multiple-crate actions
o Initiate crate display

e Properties

n Organized by crate

o Multi-crate action buttons
o Implementation

o Python script

0 Program name - HvgGui.py
n Configuration script - xxx.hvg
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Global HV Display

I N
e Crate button

n Start individual crate display

e Action buttons

0 OFF - set channels to OFF
state

o0 ON - set channels to ON state
0 RESET - reset tripped channels

0 FULL - set to a full
(operational) voltage

0 STANDBY - set to standby
voltage
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Global HV Display

I 00 B
e Buttons for other target

voltages may be added In the
configuration file

e Channel state colors
o Purple - OFFLINE, DISABLED
o Blue - OFF
n Orange — ON, PAUSED
o Yellow - AVERAGE, RAMP
o0 Green — HOLDING
o Turquoise — LOCKED
0 Red - TRIPPED
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HV Channel Display

% HYC Channel Monitor Display |
File View | SetHY Plot Mode ﬂelp|

Scin Larg"er ——— Control IDTwires|
Smaller

[” Cycle pages
@ Cyclegerio/ . Y8t V. Read I[_Read State H Channal  ¥_Trip if_Set V_Read State

seor | -1969/ 500 -16600 |-16796 | 17022 Holdng [st02  -1969 -1680. |~16794 olding
o B 500 16600 |-16785 | 17014 Holdng [se04  -1968 -1680.0 |~16777 Holding
A |-16600 |-16793 17024 | Holdng (5406 -1963 -16800 |~16787 Holding
Page Cycle |—1680‘0 -16804| 16995 Holding (5808 -1964 -1680,0 16799 Holding

Control -16300 |-16295 | 16543 Holdng [st10  -1971 -16800 ~16703 Holding
|-16300 |-16300] 16512 | Holdng [se12  -19%3 -17300 |=17284 Holding
|-16600 |-1678 | 16968 | Holdng [se¢  -197 -1630.0 ~16204 Holding
|-16600 |-16786 | 16996 Holdng [st16  -197 -17300 |=17204 Holding
1-16600 |-16802- i g -1680.0 |~16807 Holding

|-1630‘0 -1627) Right-Click -1630.0 |~16800 Holding

|-1630‘0 ‘1627 For Limits ) -17300 |=17289 Holding
|—1680‘0 1623 1 g [i22 1960 -16500 |~1681.0 Holding

|-1550‘0 -1549.}% Holding (5426 -1968 -17300 |=17280 Holding

116300 |-16A2L 12008 | olda 235 -1068 16300 16284 Holdirg
16500 |-164 s ST 17300 |-17289 Hold
=100 |- ! =1l =1ies, gm
L HiHE -1181.0 9

|-1630‘0 162\ HicH —1670.0 | -1966 17300 |-17285 Holding

|—1630‘0 -162| LOwW —1690.0 -1970 -1590.0 15893 Holding
|-1590‘0E LOLO —18393.0 5 -1970 -1550.0 |~1549.1 Holding
|—1680‘0 -16733 1698  Holding (3838 -1970 -1630.0 16298 Holding
|-1660‘0 -16587 16799 Holding (3840 -1970 -1630.0 |~16783 Holding

|-1630‘0 -1630.0| 16518 | Holding (5442 -1976 -1590.0 |-1589.1 Holding

Status:|GU\ Intlalization complete

Reconnect| Ofﬂine‘ Online| off | ﬂl Ramp| Pause| Resume| Lock| Unlock| Reset|




HV Channel Display

¥ HYC Channel Manitor Display \
Hle View SetHu| PotMode

0%
A%

A20%

Scint A Laye

ayer | Scint C Layer | PDT Pads | PDT Wir

A 308 Paging
Chamnel VA40?f Y_Max  V_Set V_Read |_Read State H Channel  V_Trip  I_M |_Read State

5401 - A5y ~ ) 17023 Holding 5402 -1969 | 250 A 17077 | Holding
3803 - 60% Standby 17017 | Holding 5404 -1968 | 2500 | -1680 0| =1677.7 ) 17007 | Holding

— AT
cae | -Vale Entry 17024 | Holdng 5406  -1968 2500 | -1680 0|-16788] 16995 | Holding
=N B0%
1 (1600168038 16994 Holdng sa0s | -1964 2500 -1680 0 |-16709| 17021 | Holding
L Ag0%
$809 | -Aqg0% / A630 |-16300 |-16294| 16541 Holdng S10 1971 2500 | -1680 0 |-1670.1 | 17047 | Holding
11 | -Astanddy || -1630 0 -16208 16511 Holdng 512 1973 2500 | -1730 0 |-17283| 17506 | Holding
SA13 | -1972 | 2500 | -1630 0 -16781 Holdng (Sa14  -1974 | 2500 | -1630 0 |-16205 | 16525 | Holding

3815 -1974 | 2500 | -1680 0 |-16785 Holding 5416 -1970 | 2500 | -1730 017204 17501 | Holding

2807

5817 -1969 | 2500 | -1680 0 -1678.0 & | Holding 5218 -1971 | 2500 | -1680 [ |-1680.7 | 17014 | Holding
A9 -1969 | 2500 | -1630 0 | -162756 Holding ~ 5220 -1970 | 2500 | -1680 0 |-16799 | 17048 | Holding
5421 =1971 | 2500 | -1630 0 |-1627.9 Holding 5422 -1968 | 2500 | -1730 0 |-17288] 17514 | Holding
5423 1971 | 2500 | -1680 0 1-16783 Holding 5424 -1967 | 2500 | -1680 0 |-1680.9) 17028 | Holding
5425 -1968 | 2500 | -1550 0 |-1548.7 Holding 5426 -1968 | 2500 | -1730 0| =1720.1 ] 17538 | Holding
5427 -1968 | 2500 | -1680 0 | -16765 Holding 5428 -1968 | 2500 | -1630 {0 |-16283| 1644.1 | Holding

5429 -1968 | 2500 | -1650 0 |-16420 Holding 5430 -1966 | 2500 | -1730 0 |-17289] 17410 | Holding
5431 -1968 | 2500 | -1630 0| -1628.0 Holding 5832 -1966 | 2300 | -1730 0 |-17293 | 1750.8 | Holding
5433 -1972 | 2500 | -1630 0 |-1627.] 2| Holding 5434 -1969 | 2500 | -1590 0 |-15805 | 16067 | Holding
5435 1970 | 2500 | -1590 0 -1565.0 Holding 5436 -1970 | 2500 | -1550 0| -1548.9] 15685 | Holding

Sa37 -1972 | 2500 | -1680 0 [-1673.2 Holding S -1620.8| 16522 | Holding
tate Change
5430 =1970 | AS00 | -1660 0 -16580 Holding g 0 |-16782| 17018 | Holding

7 Buttons
v

Reconnect| 0ff|ine| Online| Off| On Ramp| Pause| Resume| Lock| Unlock| Reset|

2441 -1961 | 2500 | -1630 0 -1630.0 & Holding -1580.1 | 15008 | Holding

Status: |GUI intialization complete




HV — Channel Display

% HVC Channel Manitor Display \ 0]}
File View Set HY EIotIVIode| ﬂelp|
Scint & Layer ‘ Scir:flﬂ;::le 1t C Layer ‘ PDT Pads | PDT Wires |
Apsy
: /A+_'|% ,
Scale i,\ +-20 Units St Yo Read |_Read Statel H Channel  V_Trip  |_Max V_Max: i_Set  V_Read |_Read State‘ |
. Astounits 600 -16796) 17022 | Holdng [seo2 | 1969 | 2m00 | -16e0 [-1seno 16793 ] 17074 | Holdng |
Selection [y~ 4.-sunits  fss00 eres 1016 MUDCHVC.SC23 Graph AR
S0 | -1067 | 7500 | -1680 |-16e00 [~16704] 17024 T MUOC HVC 5029 [HUOC HVC SC23MOLT |
s07 | -1067 | 7500 | -1680 [-16e00 [~16805]] 16996 L (868992, 676.992)
00 | 107 | {1654 JMUOC_HVC SCZ3/CURR]
1L | 1071 Channel [ i
@z ez | Stripchart [iese
S -1 00 IO T g 17000

%MMMMMW

Left-Click BN
To Plot Channel |——— AN

16300 |-16279 | 16508

-1971 | 2500 | -1680 |-16800 <16783 16998 ‘M‘“‘T’M
~1967 | 2500 | -1950 |-15500 ~15496 15661
27 -1069 ' 17006 '

s oo Navigation g
o3 | 1008 Buttons 6529

1 I : |
5433 -1972 | 2500 | -1630 [-163vw 16510 -10 09:44:58

SA35 -1970 | 2500 | -1590 5—1590.0 %ﬁ\fﬂ (194451, 938.4) (Secods) Jul 23, o
SA37 -1973 | 2500 | -1680 |-1680.0 |-1673.3| 16976
KR EECEE

5A34 -1970 | 2500 | -1660 ;4660.0 -1658.7| 16500

3041 -1961 | 2500 | -1630 | -1630.0 -16299| 16519 | Holding |5A42 -1976 | 2500 | -1580 3—1590‘0 -15897 | 15094 | Holding

Status:|GU\ intialization complete

Reconnect| 0ff|ine| 0n|ine| Off| On Ramp| Pause| Resume| Lock| Unlock| Reset|




HV Channel Display

% HVC Channel Monitor Display

File View SetHY Plot Mode

Scint & Layer | Scint B Layer | Scint C Layer ‘ PDT Pads | m| Select Voltage

Chamel V.Trip | Max VMex V.Set YRead |Read Statg Scale St VRead |Read State |
SC01 1598 | 2000 | 1260 | 8820 | 8328 &676  Holding { 48 s N 330 | &aad | 0 Holding

03 | 1578 | 2000 JEZXN | wuOC_HVC_SC29 Graph e

scos | 157 | 2000 | a80 MUOC_HvC 329 UOC HVC_SCZINOLTh g
(868.392, 673.392)

I~ MUOC HVC SC23{CURR
5009 1565 | 2000 9380 (934371, 344971} lding

5C11 1565 | 2000 1 91?.0 1 lding
5C13 1565 | 2000 8960 lding
5C15 1566 | 2000 | ?l7;0.0 l ] Iding
3017 1564 | 2000 3 ?49.0” Iding
5019 1562 | 2000 | 840.d Iding
321 1562 | 2000 [ 7980

scor | 1500 | 2000 " o000 g

lding

s | 15 | 2000 a0 [ g
w5 | 1565 | 200 8400 | g

€27 | 1600 | 2000 | 450 lding

20 | 1964 | 2000 B2 liing

531 1564 | 2000 [ 7910 T T |

5033 | 1563 | 2000 | 70 4 o fjg‘g,s&ﬂ

5C35 1600 | 2000 | 3660 (Seconds) lding

37| 1563 | 2100 j 8540 ﬂ‘ ﬁ 1_}[‘ j ﬂ lding
g v4Z,

039 1563 | 2100 | §750 o

lding

|ding

Holqing | »C4u | aral | Grd, 55 | nolding

sca | 1564 | 2000 om0 7m2 | 895 | Holdng sc42 30 Holding
3 | 1565 | 200 esi0 | g4l | 9183 Holdng sced N Holding
sces | 1566 | 2000 5260 | 8262 | 69019 | Holdng sc 1' Holding
sca7 | 1564 | 2000 7070 | 7071 Holdng 5C46 | Holding

Status|

Reconnect| 01"f|ine| Online| 0ff| On Ramp| Pause| Resume| Lock| Unlock| Reset|




HV Channel Display

% HVC Channel Manitor Display \

File View SetHY Plot Mode |
Select Current

Scint A Layer | Scint B Layer | scint C Layer ‘ PDT Pads | P|

Scale
Channel W_Trip [_Max W_Max V_Set V_Read |_Read STMWW—'TW\ Wm/ ¥ 8et V_Read |_Read Stafe

3C01 1598 | 2000 | 1260 | 8820 MUOC_HVC_SC29 Graph !EIE lding

scos | 1578 | 2000 | o0 MUOC HVC 53 MUOC HVC SCONOLT[RE":
scos | 157 | 2000 | 3680 (068,992, 876.0%2) ding
sco7 | 1509 | 2000 | a030 UOC_HVC_SCZ/CURR {f1pg
(934.971, 344.371)

lding

sco9 | 1565 | 2000 o0 _
e | 1565 | 2000 17 g
sc13 | 1565 | 2000 | 5060 g
SCI5 | 1965 | 2000 EN | etk ling
sC17 | 1564 | 2000 0 g
scg | 1se2 | 20m [ 3400 liing

571 1562 | 2000 7980 WW ding
73 | 1594 | 2000 | 9030 ding
€25 | 1565 | 2000 | 8400 ] ding

aC27 1600 | 2000 945.0 lding

sc20 | 1564 | 2000 | 8750 ding
[ a1 i T |

sc3t | 1564 | 2000 7910 i " o

sc33 | 1563 | 2000 | 3470 73,01 ding
——— H(09:44:51 93634 !

S35 | 1600 | 2000 | 8960 e (Secands) ding

w7 | 15m ] 20 | 8540 ﬂm{_’”jﬂ g

20 | 1563 | 200 &0 | &4 | 9425 | Holding | Holding
scat | 1564 | 2000 | 7770 772 805 | Holding 7630 Holding
sc43 | 1565 | 2000 [ 8540 | o541 9183 Holdng i Holding
s | 1566 | 2000 [ 5260 | 8262 | 8910 Holdng f Holding
sca7 | 1564 | 2000 (7070 | 7071 Holding | Holding

blding

Status |

Reconnect| 01"f|ine| Online| 0off | ﬂl Ramp| Pause| Resume| Lock| Unlock| Reset|




HV Channel Display

T B
e Purpose
7 Monitor individual channels
= State

= Voltage and current readback
= Target voltage
= Voltage and current trip levels

0 Execute all-channel and
individual channel actions

n Set all-channel and individual
channel target voltages

0 Usually displays a single crate
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HV Channel Display

I B
e Properties

o Organized by channel
71 Multi-channel action buttons
1 Channel action menu button

¢ Implementation
o Python script
o Program name - HvcGui.py
n Configuration script - xxx.hvc

e Action buttons

n Similar to global display +
= OFFLINE/ONLINE
= PAUSE/RESUME
= LOCK/UNLOCK

e Channel state colors
o Same as Detector display
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Diagnostic Guidelines

I N
e Channel is in offline state

o Missing HV module

o Incorrect module type in
database

o Faulty module

e Module trips after transition
from off to on state

n After a period with the power
off, the channel may not be
stable. Leave the power on for
~1/4 hour, after which the
channel may recover.

o Faulty module

January 22, 2003




Diagnostic Guidelines

_oeeEsma— 00 S
e Module trips during ramp but
has not exceeded either the
voltage or current trip limit
n After a period in the off state,
the channel may not be stable.

Leave the channel in the on
state at zero output for ~1/4

hour, after which the channel
may recover

o Faulty module
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Diagnostic Guidelines

I -
e Ramp away from zero volts

does not converge to target
voltage

0 Record tuning parameters set
incorrectly

o Faulty module

e Current trip during ramp
caused by capacitance
charging
o Reduce ramp rate

n Increase current scaling factor
parameter

0 Lengthen parabolic ramp
region
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Diagnostic Guidelines

I NN
e Ramp toward zero volts does

converges to the target
voltage very slowly

o Reduce load capacitance or
increase shunt resistance

= The Cockroft-Walton generator is
a charge pump and can only
drive the voltage away from zero
(positive or negative). Ramping
toward zero requires a shunt
resistance to discharge the load
capacitance and the voltage
divider resistance in the pod is
~10-50 Megohms.
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